The purpose of this study was to determine the bactericidal concentrations of a large number of antimicrobial agents using representative strains of the cultivable species or groups of treponemes. In addition, investigations were made into the occurrance of spontaneous and penicillin-induced mutants.
of media, inoculation techniques, preservation of cultures, incubation temperatures, and the strains of treponemes studied were as described in a previous communication (Abramson and Smibert, 1971) .
ANTIMICROBIAL AGENTS
Antibiotics and chemicals were diluted to final concentrations of 0-01, 01, 1, 10, 100, 500, and 1,000 ,ug. or units!ml. in 7 5 ml. culture medium. BACTERICIDAL 
CONCENTRATIONS
These were considered to be the lowest concentrations in the dilution series at which subculture into normal medium produced no visible growth in 14 days. After 3 days incubation 0 5 ml. amounts of both test and control cultures were subcultured to normal medium to determine whether or not any viable organisms remained. The subcultures were incubated for 3 days and transfers (0 5 ml.) from them were again made into normal medium if no growth had appeared on the 3rd day. All cultures were incubated for 14 days before being discarded as negative.
PENICILLIN-RESISTANT MUTANTS
Demonstration of spontaneously occurring mutants resistant to penicillin was based on the fluctuation analysis described by Luria and Delbruck (1943) and by Demerec (1948) . A 24-hr culture of the Reiter strain of T. phagedenis was diluted to contain 1,000 cells/ml. 0-1 ml. of this was pipetted into each of eight tubes containing 2 ml. of PYG-serum medium and incubated for 24 hrs. Direct microscopic counts were made in a Petroff Hausser Chamber.
1 ml. amounts of each culture were diluted 10-fold from 10-1 to 10-8 in PYGS medium containing 100 units/ml. (Table I ) and most were resistant to the penicillins. Table II shows that most strains were apparently sensitive to vancomycin, bacitracin, erythromycin, tylosin, and lincomycin, while about half of them were resistant to novobiocin. They had the greatest sensitivity to erythromycin.
In Table III sulphaquinoxaline (1,000 to > 1,000 ,ug./ml.), sulphadiazine (1,000 to > 1,000 V±g./ml.), succinyl sulphathiazole (1,000 to > 1,000 V±g./ml.), 5-amino-uracil ,ug./ml.), 5-iodouracil (1,000 to > 1,000 jig./ml.), thallium acetate (100 to 500 ,ug./ml.), azocarmine (100 to > 1,000 lig./ml.), indigocarmine (1,000 to > 1,000 ,ug./ml.), and toluidine blue 0 (500 to > 1,000 jig./ml.). phagedenis resistant to penicillin G were not found. Growth was not observed in any test dilution in medium with 100 units/ml. penicillin, nor were treponemes observed in any culture by darkfield microscopy. Mutants resistant to penicillin G were not isolated as a result of the growth of cultures in step-wise transfers in PYGS-10 per cent. sucrose medium containing 0 1, 1, 5, or 10 units/ml. penicillin G (Table VI) . ,ug./ml. or less of antibiotics. Judged by these criteria, none of the antimicrobial agents studied was bactericidal to every treponemal strain. Most treponemes were sensitive to cephalothin, vancomycin, bacitracin, erythromycin, tylosin, lincomycin, and tetracycines. Most strains were resistant to the penicillins, chlortetracycline, chloramphenicol, streptomycin, dihydrostreptomycin, kanamycin, neomycin, viomycin, tyrothricin, usnic acid, potassium tellurite, brilliant green, and crystal violet. Approximately 50 per cent. of them were resistant to novobiocin. The penicillins were generally bactericidal to treponemes at much higher concentrations than the growth inhibitory level. For example, the Reiter strain of T. phagedenis was inhibited by 1 unit/ml. penicillin G, while a bactericidal concentration was 100 to 500 units/ml.; and T. refringens was inhibited by 0-1 unit/ml., while the bactericidal concentration was 100 units/ml. Only with T. vincentii were growth inhibitory concentrations the same as the bactericidal levels for all but one of the penicillins. This suggests that the outer envelope of treponemes may be limiting the passage of the penicillins to the muramic acid containing cell wall of the protoplasmic cylinder and that not enough penicillin reaches the cell wall to impair irreversibly the synthesis of the new cell wall. An alternative explanation could be that some cells may produce a weak penicillinase. Treponemes requiring serum were more sensitive to penicillin than those requiring rumen fluid. Most of the other antimicrobial agents were bactericidal at concentrations only ten times greater than the inhibitory concentration except when tested against T. vincentii N-9 which was inhibited and killed by the same concentrations in many cases. All treponemes were resistant to cycloserine, polymyxin B sulphate, nitrofurazone, furazolidone, nalidixic acid, methenamine mandelate, lyEozyme, lysostaphin, sulphonamides, 5-aminouracil, 5-fluorouracil 5-iodouracil, thallium acetate, azocarmine, indigocarmine, and toluidine blue 0.
Good agreement was found between our results and those of other investigators on the bactericidal concentrations of penicillin and erythromycin for T. vincentii (Hampp and Fitzgerald, 1959) . The bactericidal concentration of penicillin to oral treponemes was reported by these authors to be 0 3 units/ml., but our bactericidal concentrations for oral treponemes were much higher. They reported that 0-008 to > 2 [ig./ml. erythromycin were bactericidal to oral treponemes, but our results ranged from 0 1 to 1 tug./ml. Erythromycin was both inhibitory and bactericidal at low concentrations, with the exception of the Reiter strain of T. phagedenis, which required 0-1 [Lg./ml.
to inhibit growth and 500 ,ug./ml. to kill. Fitzgerald and Hampp (1952) reported that chlortetracycline was bactericidal to T. vincentii at 1-25 to 2-5 ,ug./ml., and we found that 100 sug./ml. were required.
Erythromycin, cephalothin, and tetracyclines are bactericidal to serum requiring treponemes in lower concentrations than those of the penicillins.
Neither 
